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THE^TE  OF  PROPAGATION  bF  THE 
VENOUS  PULSE. 

By  Db.  W.  S.  Morrow, 

Lecturer  in  Physiology,  Mctrill  University. 

( From  the  Physiological  Imtitute  of  the  Vniveraity  of  Bresktu.) 


*' Reprints  from  the  Canadian  Record  of  Science,  Vol.  VIII,  No.  4y 
for  Jvly,  1900,  issued  13th  JiUy,  1900." 
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^^Reprinted  from  the  Canadian  Record  of  Science,  Vol.  VIII,  No.  4, 
for  July,  VMii,  iMund  Wh  July,  lUdO. " 


The  Rate  of  Propagation  of  the  Vexous  Pulse. ^ 

Hy  Dr.  W.  S.  Moiuiow, 

Lecturer  in  I'hysiology,  Mc(iill  University. 

(From  the  Physiologlcitl  Inxtitutc  nftlie  I'lun'ruitji  of  lirfslaii.) 

This  research  was  midertaken  at  tlu^  sufjoestion  (^f  Prof. 
Karl  Hiirlhle,  of  Bresliui,  to  deLerniiiie  the  rate  at  whicli 
tlie  venous  i)iilse  travels,  liefore  I  l)e««;uii  lay  experiments 
Prof.  Hiirthle  had  satisfied  himself  that  a  venous  pulse 
eould  frequently  he  ob.served  in  the  veins  of  the  neck  and 
extremities  of  normal  <l(\iis. 

He  had  also  devised  very  sensitive  apparatus  for  record- 
ing the  same  (Hlirtlile's  venous  manometers;.  Tracings 
of  the  pulse  in  the  veins  of  the  extremities  of  normal  dogs, 
taken  with  this  apparatus,  are  shown  in  Figures  1  and  2. 
Otlier  investigators  had  also  observed  the  venous  pulse 
in  the  extremities  of  normal  animals,  and  still  others 
(2  anil  3)  had  studied  it  in  normal  and  pathological  human 
subjects,  but  no  one  had  undertaken  to  nu^asure  tlie  rate 
at  which  it  travelled.  It  seemed  probable  that  tliis  would 
])e   f(mnd   diilerent   from   that   of   the   arterial   ])ulse,  on 

I  This  lesrarcli  was  repni'lLMl  in  (.ii'i  iiciu  in  I'lliirgfi's  .\ii  liives  for  Manli. 
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account  of  the  differences  in  pressure  in  the  two  kinds  of 
vessels. 

My  experiments  were  nil  performed  on  dogs,  which 
first  received  nn  injection  of  morphine,  and  were  then 
thoroughly  an.t'sthetized  with  a  mixture  of  equal  parts  of 
chloroforni  and  ether. 


Fio.  1. — Pressure  tracing  from  artery  (below)  and  femoral  vein  (above). 
Time  l  seconds.     Froni  a  dog. 

I'ulse  tracings  were  taken  on  a  blackened  surface  sim- 
ultaneously from  two  points  (»n  the  veins.  At  the  same 
time  a  chronograph  was  arranged  to  mark  seconds  or 
fifths  of  seconds  on  the  reccn'ding  surface,  so  as  to  indicate 
the  rate  at  which  it  was  moving.  V>y  this  means  it  was 
possil)le  to  estimate  the  time  elajjaing  between  the  appear- 
ance of  a  certain  wave  on  the  tracing  tak(,'n  from  a  vein 
at  a  ])oint  near  the  heart,  and  on  that  taken  farther  away 
from  the  heart.  Then,  in  order  to  estimate  the  rate  at 
which  ii  given  pul.se  wave  travelled,  it  was  only  necessary 
to  know,  in  addition,  the  distance  of  the  ])oints  on  the 
\eins  from  one  anotiier  measured  along  the  line  of  blood 
iiow,  or  moie  exactly  the  dillerence  in  the  distances  of  the 
two  ])oints  from  the  heart  (right  auricle). 

The  recording  surface  employed  was  that  of  Hiirthle's 
large  clockwork  kymograph. 

The  pulse  waves  were  recorded  bv  insertinrr  a  fine  "lass 
canula,  with  a  long  drawn  out  point,  into  the  vein  through 
a  side  In'anch.  (See  Fig.  3.)  Tiie  canula  was  then  con- 
nected by  rul)ber  tubing  with  one  of  Hiirthle's  venous 
numometers,  which  markeil  the  waves  on  the  surface  of 
the  kymograph. 
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Hiirtlile's  venous  iiiiuionieler.s  which  wore  used  in  the 
experiments  consist  of  sniull  nietiiUie  tunihours,  10  mm.  in 
diiUi'etei',  covered  over  with  thin  ruhber  tissue  sli<,ditly 
stretched.  On  the  centre  of  this  membrane  rests  a  li^ht 
metal  disc  of  8  mm.  diameter,  which  supports,  and  trans- 
mits its  moveiueiits  to  a  lever  movin<,'  very  easily  and 
writinjf  at  one  end  on  the  kymograi»h  with  a  suitably 
shaped  (piill.  The  lever  ma(jnifies  the  up  and  down 
movements  of  the  disk  as  120:5. 

On  account  of  the  very  slight  variations  in  pressure 
underlying  the  venous  pulse,  friction  has  to  be  iniinmized 
as  much  as  possible.  This  is  accomplished  by  adjusting 
the  lever  against  the  kymograph  by  a  screw  arrangement, 
so  that  it  exerts  the  slightest  possible  pressure  upon  it. 
The  manometers,  the  glass  canulas,  anil  the  rubber  tubing 
connecting  them  were  filled  with  saturated  solution  of 
magnesium  sulphate,  which  prevented  the  clotting  of  the 
blood  ill  the  vein  over  tiie  opening  of  the  canula. 

It  was  possible,  by  measuring  the  distance  that  the 
lever  of  the  manometer  was  raised,  and  comparing  this 
with  the  efilects  of  known  pressures  of  water  at  the  close 
of  the  experiments,  to  estimate  approximately  the  pressure 
present  in  the  veins  at  any  point  represented  on  the 
tracings. 


Fio.  2.  —Pressure  tracing  from  artery  (above)  and  brachial  vein  (below). 
Time  in  seconds.      From  a  dog. 

The  rate  of  propagation  was  measured  in  two  regions : 

1.  Through  the  external  jugular  vein. 

2.  Through  the  inferior  vena  cava  to  the  femoral  vein. 
Ill  the  first  case,  pulse  tracings  were  taken  simultane- 


(JimmUau  Itemnl  of  Sclener. 


■208 

■;::t[:.-  iupula.  vdn.  .,„,  .nother  tl,n.u,h  tl,.  exlen.ul 

""t:,'!:;;!;,,,.  U,.  ..,.,...,.■  ,„-„,u..ut.i,m  thro„-,|,  .1..  inr.n..v 
,„1,  ,,,„,„„„  uaeins  «■.«  talu.,1 ,.»  al.nv.  t,-„m  t,o,»M,l>-a 

,,U,   «a..-.lj«t;"l-v....l  the.. tlic- . ■..■>,  ll,efe.„una 


SffiSI^ 


vein  l.v  iutro.lucins  "  "»""1^'  ""-»  ''  '^'"'"t  ''.'"  ''"''' 
eTcai.     At  U,...  end  ..f  the  exi,en,uent»  the  .Ustauces 
ot    he  ,,oi"t»  on  the  veh.  used  fr..n.  the  vight  anv.ee  we 
lusn  e.l-.  if  one  in.lioates  the  .tistunce  nf  the  point  neat- 
1     heavt  hv  ,.  an.l  the  .listanee  ..f  the  pmnt  iavthe. 

nroi'.a«aio»  ..(  li.e  pulse  waves  i»  estin.ated  is  e-e, 
•^  Kimdly  at  the  eu.l  .,f  the  ex,.e,iu>ent  the  p„n,ts  ..n  the 
uv„  ttaeUs,  eon.es,.„„.hn,  ...  one  a,.,.thev  .n  t..,.e  were 
estahlished  hv  ca,.si.ig  hoth  lev.TS  to  wv.te  vert.e,tl    ...es, 

1,  the  Uy.,;..«,-al.h  .tan,U,.g  .till     The  , <J..goJ    ^ese 

points  was  son.eti.nes  attended  with  co..s.dc.uhle  d.Hicu Ity, 
1;°  aceonnt  of  the  waves  being  less  sharp  than  those  ot  the 

'"■T.f:!K.:f Les,  howeve,,  a  fair  n„...her  of  satisfactory 
niaria.,.'s  eo..Ul  be  ...ade.  A..  exa..,ple  of  these  n,arki..gs 
"seen  i,.  Vig.  4  The  di.sta.,ce  apait  of  the  ve.tK^al  l.i^s 
in.lieates  how  nmeh  later  the  wave  began  ...  the  d.sta 
,  et  the  vei..  tha..  i..  the  central,  the  exaet  t.n.e  be.ng 
r;ti..mt:d  by  co.,.p..riso.,  w.tl.  the  hoiizc.tal  line  belwee.. 
the  lr..ci..gs,  on  which  seconds  are  .narked. 
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Tf  now  oni',  iiidicutcs  witli  (a)  the  (listaiicc  in  oonti- 
mclreH  Ik'Lwhoii  the  vtn-ticul  lines  niarkiti<:  tin"!  iKxrjnniiu' 
of  a  y(\\{in  wave  in  the  two  tracin<,'3,  with  (.s)  the  rate  at 
which  the  rec<)r(liii;f  surface  travels  in  centimeters,  with 
(^//  —  O  ^''^  lenfjth  of  vein  being  studied,  and  with  (/•)  the 
rate  of  propagation  of  tlie  pulse  in  that  length  of  vein,  then 

v  =  s^  "      '-' 
a 

As  regards  the  presence  of  a  ])ulse  in  the  veins  of  the 

animals  ex|)erimented  on,  it  may  be  said  that  one  could 

always  be  ol)served  and  recorded  in  the  central  end  of  the 

jugular.      In  most  cases  it  could  also  be  recorded  from  the 

distal  end  of  the  jugular  and  from  the  femoral  ;  but  the 

waves  were  sometimes  not  sharp  enough  for  satisfactory 

marking.     The    estimations   reported    below   were   taken 


0  12     3 

hui.  4.  -Piessui-e    tracing    from    central    (lielow)   and    peripheral    end 

(above)  of  external  jugular  vein.     Time  in  seooiids.     From  a  dog. 

from  cases  where  the  markings  were  considered  reliable 
enough  to  make  the  errors  very  slight.  It  is  a  noteworthy 
fact,  that  the  best  tracings  were  frequently  obtained  from 
the  smallest  and  weakest  dogs.  Similar  f)bservations  have 
been  made  liy  (iottwald  (1)  on  dogs,  nud  (Jerhardt  (2)  on 
human  subjects,  (lerhardt  claims  to  have  observed  the 
venous  pulse  nujst  fre([uently  in  weak  and  amende  girls. 
Although  a  discussion  of  the  form  of  tlui  venous  pulse 
does  not  pro})erly  find  a  ])lace  in  this  pai)er,  it  is  necessary 
to  allude  to  it  Iji'ielly  in  order  to  have  names  for  the  vari- 
ous waves  who.se  rate  of  })ro])agation  was  studied.  Fol- 
lowing Fredericq  (4).  (Jerhardt  (2)  and  others,  I  distinguish, 
us  may  be  seen  in  Fig.  4,  a,  presystolic  wave,  0,  a  .systolic 
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wave,  1,  a  first  mid  sikmmkI  (liaslolic.  wave,  2  and  3,  Such 
a  ty|)ic'al  and  (unnjiUito  form,  lu»vv((V(»r,  caniidl  always  he 
ohsorved,  hiiL  uiki  or  luoru  of  the  al)ove  iiientioned  waves 
is  often  ahsent  from  the  tracin*,'. 

TiiK  liATKOF  I'koi'acation  tiikoi'oh  tiik  .ludiJLAit  Vkin. 

The  results  of  ihc!  measurements  made  in  the  ditt'erent 
experiments  were  arran^'cd  in  tabular  form,  as  j^iveii 
below,  and  also  the  rate  of  propaj^ation  and  the  jnessure 
in  the  Jn»,'ular,  estimated  hy  the  methods  deseril)ed  above. 
The  results  are  set  down  in  order  aeeordinif  to  the  vel(»eity. 

Taui,k  I. 

Rate  (if  Propagation  of  the  PresyHtolic  Wave. 
(All  ineaaurementH  in  centimeters. ) 
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4->  <*«  -4^     ^  .^ 

"=  S  3  S  o 
1>  y  3   e*   Ji 

HTS'E-o  P. 


23-5-12-5=lU 


J   S    5    - 

J)  ■«      y 

S  S  beg 

S   i   C   in 
««   5   C   2 

a 
•005 
•060 
•070 
•080 

•lot) 


1 

1 

47 

•6 

> 

e4 

u>a 

l: 

a  3 

-tJ 

8 

ss. 

■s 

Q 

^^ 

185 
1  70 
1  80 
1  7.5 
1  83 


Average     270 


8-1  * 


CO  .4J 

g-a  a 

5-5 
5^4 
32 
3.5 

4^6 


In  the  remaining  tables  only  the  calculated  results  will 
be  given,  namely,  the  rate  of  propagation  in  centimeters 
per  second  and  the  pressure  in  centimeters  of  water  in 
the  central  end  of  the  jugular  vein. 
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., 

248 

3  9 

Average  138        

73 

248 

3  5 

228 

6  0 

194 

4-5 

Averoge  208 

4-9 

Tablk  VII. 

Firiit  Diastolic  ' 

Wave 

Tai 

3LK  VI 

V 

p 

FirBt  Diastolic 

Wave. 

189       .... 

«'8 

ISO 

6  3 

I' 

/' 

117       .... 

6  3 

278 

•  ff  •  ■ 

29 

117       ... 

5  5 

264 

•  1  • . 

2-7 

lie 

60 

2:.7 

• . . . 

2-8 

114 

«  1 

254 

•  •  .  • 

29 

108       .... 

61 

252 

•  •  •  • 

27 

108       .... 

6-0 

248 

2-5 

108       .... 

5  3 

248 

... 

2  5 

100       .... 

4-9 

241 

#  • .  . 

3  0 

99       .... 

5-3 

220 

3  2 

98       .... 

57 

214 

2  8 

98       .... 

5-2 

205 

2-4 

95 

5-5 

198 

•  • . . 

37 

93        .... 

5-5 

198 

• .  > . 

27 

98 

5  5 

198 

. . . . 

2  0 

92        .... 

5  5 

196 

27 

89        .... 

4-8 

193 

< . . . 

20 

86        ..   . 

5  0 

180 

2  0 

85       ... 

5-2 

165 

.... 

20 

85        .... 

5-0 

*»>«. 

Average  223 

.... 

26 

Average  103 

5  6 

I 


Rate  of   IMiopogation  of  the   Pulse  through  thi 
Infeuiou  Vena  Cava. 


Table 

VIII. 

Table  IX. 

Presystolic  Wave. 

First  Diastolic  Wave. 

V 

P 

V 

P 

138 

2  4 

117 

2  0 

128 

3  1 

113 

2-2 

128 

31 

104 

2  6 

122 

2-7 

104 

1-5 

106 

2-0 

93        .... 

2  0 

92 

2-7 

92 

2-6 

89 

2-7 

Average 

104        .... 

21 

verage  115 

2-7 
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Tablk  X. 

Table  XT. 

'irst 

Diastolic  Wave. 

Second  I) 

iastolic  Wave  during 

V 

P 

DyapncBa. 

136 

.... 

6  5 

V 

P 

127 

■  •  ■  ■ 

6-5 

70 

....     -2-5 

120 

6-5 

69 

....      -2-6 

119 

6-5 

67 

....     -23 

112 

6-3 

66 

...      -2-5 

101 

71 

64 

....     -20 

140 

*  •  ■  ■ 

4-61 

63 

....      -20 

136 

4-2 

130 

4-8 

. 

Average 

66 

....     -23 

124 

•  ■  •  • 

4  8 

8 

114 

4-5 

112 

3-2 

r  0. 

00 

110 

2-9 

106 

2'8 

101 

•  ■  •  • 

2-9 

101 

2-5J 

4-8 


Average  118 

In  the  following  table  the  average  rates  and  pressures 
from  the  preceding  tables  are  brought  together : 


Table. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 


Table  XII. 

Average 
velocity. 

Average 
pressure. 

Wave, 

.     270     , 
.     201     . 

...     4«     .. 

..       8-8     .. 

. .     Presystolic 

11 

.     230     . 

...     91     .. 

i( 

.     208     . 
.     138     . 

...     4-9     .. 
...     7-3     .. 

Systolic 

.     223     . 

...     26       . 

. .     I.  Diastolic 

.     103     . 

...     5-6     .. 

(( 

.     115     . 
.     104 

...     27     .. 
.     21     .. 

. .     Presystolic 
..     I,  Diiistolic 

.     118 

...     4-8     .. 

it 

.      66     . 

..    -2-3     .. 

II.  Diastolic 

Jugular  vein. 


l_Tlirough  inferior  ve 
I       cava  to  femoral. 


The  results  of  the  investigation  may  be  summarized  as 
follows : 

1.  The  changes  in  tiie  pressure  of  blood  within  the  right 
auricle  and  great  veins  are  propagated  through  the  larger 
veins  of  the  trunk  and  extremities,  causing  a  venous  pulse. 

2.  The  rate  of  propagation  of  this  venous  pulse  varies 
between  one  and  three  meters  per  second  in  round  num- 
bers. This  is  much  slower  than  the  rate  of  ])ropagation  of 
the  arterial  pulse,  which  is  to  be  explained  by  the  lower 
pressure  within  the  veins,  and  the  dift'ereuces  in  the  walls 
of  the  two  kinds  of  vessels. 


(,» 


Rate  of  PropagatioJi  of  Venoits  Pulse. 
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3.  A  direct  proportion  between  rate  of  propagation  and 
pressure  within  the  external  jugular  vein  could  not  be 
demonstrated. 

4.  Some  of  the  waves,  especially  the  presystolic  and  the 
systolic,  travel  faster  than  others. 
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